We report a quick method for the detection of cocaine and its major metabolites by thin-layer chromatography with confirmation by gas-liquid chromatography. Because it is possible to use the same chloroform-isopropanol extracts of urine in both procedures, the method is convenient for screening large numbers of urine samples.
Because of the water-soluble nature of cocaine and its metabolites, most generally used thin-layer chromatographic screening programmes for drug abuse do not detect these substances. ' Other methods have been used such as colorimetry-and gas-liquid chromatography.s " the latter methods, however, require laborious sample preparation and are not as convenient as thin-layer chromatography for screening purposes. In addition, cocaine has been determined in plasma by gas-liquid chromatography using a nitrogen detector," but because of the problems of getting blood samples this method cannot be used in screening for drug abuse. Recent methods have included a radioimmunoassay for a major metabolite of cocaine, benzoyl ecgonine, but not for cocaine itself" and the enzyme immunoassay developed by Rubinstein et al,' and Syva." Methods and material SAMPLES Samples were aliquots of urine from patients attending the drug detection unit at Westminster Hospital and urine from staff of the laboratory which was 'spiked' with cocaine hydrochloride. t EXTRACTION After adjustment to pH 9· 0 with sodium hydroxide 1 mol/I, 5 ml samples of urine in 10 ml conical tubes were mixed on a vortex mixer with 250 fl.l of an extracting mixture consisting of chloroform/ .Present address and address for correspondence: Dr T C Marrs, Toxicology Section, CDE Porton Down, Salisbury, Wiltshire SP4 OJQ. tObtained from May & Baker Ltd, Dagenham, Essex. isopropanol 9 : 1. After centrifugation at 3000 rpm for 5 minutes the upper (aqueous) layer was discarded and thin-layer chromatography was performed on the organic layer. THIN-LA YER CHROMATOGRAPHY 50 fl.1 extract was spotted onto each of two silica gel thin-layer chromatographic plates (Schleicher and Schull, Dassel, FRG). Using a Uni-Crom development chamber (Anderman Co Ltd, East Molesey, Surrey) one was run in methanol/ammonia 100 : l' 5 and the other in ethyl acetate/methanol/ammonia 85 : 10 : 5. After the run (about 20 minutes) the plates were lightly sprayed with 0·05 rnol/l sulphuric acid, dried, and then sprayed with iodoplatinate reagent (3 ml of a 10 gil solution of chloroplatinic acid diluted with 97 ml water and 100 ml of an aqueous solution of 6 g/I potassium iodide).
GAS-LIQUID CHROMATOGRAPHY
This was performed on a Pye-Unicam GCD gas chromatograph (Pye-Unicam Ltd, York Street, Cambridge) which was equipped with a flameionisation detector. A Pye-Unicam glass column, 2· 1 m long and of internal diameter 4 mm, was used, packed with 3 % OV17 on chromosorb AW-DMCS (80-100 mesh). The oven temperature was 230 0 and the injection port/detector temperature 250°. The hydrogen was used at a pressure of 17 psi (flow ratẽ 50 ml/min), and the air at a pressure of 9 psi while nitrogen serving as the carrier gas was used at a flow rate of 50 ml/min. The sample size was normally 5 ul, The chromatograms were recorded on a Philips PM 8251 single pen recorder (Philips Ltd, Eindhoven, the Netherlands). 368 I Fig. 2 Thin-layer chromatogram of various urine samples in ethyl acetate/methanol, ammonia, 85 : 10 : 5. The two arrows represent the positions of cocaine (above) and a cocaine hydrolysis product; for details ofsamples see text.
THIN-LA YER CHROMATOGRAPHY
A dark maroon spot with a dark blue halo at an Rf of 0'70±0'02* in the methanol/ammonia plate and 0·93 ±O' 02* in the ethyl acetate/methanol/ammonia plate was observed in both urine from patients suspected of abusing cocaine and in urine 'spiked' with cocaine. It was concluded that this spot, which was not found in normal urine, was due to the presence of cocaine. In chromatograms of urine 'spiked' with cocaine which had been hydrolysed by the method of Valenju et al. 9 to produce benzoyl ecgonine, a second spot was found in both plates.
• Mean ± standard error of the mean. Fig. 1 Thin-layer chromatogram of various urine samples in methanol/ammonia 100: 1·5. The two arrows in the margin represent the positions of cocaine (above) and a cocaine hydrolysis product; for details ofsamples see text.
A rapid method for screening urine samples in suspected abuse :of cocaine
Results

EXTRACTION
The percentage extraction was calculated by measuring the cocaine present in various urine samples by extraction and gas-liquid chromatography and comparing it with the amount present in the upper (aqueous) layers after extraction. Extraction from 'spiked' urine samples was found to be consistently greater than 95%.
The Rf value of this spot was 0·51 on the methanol/ ammonia plate and 0·83 on the ethyl acetate! methanol/ammonia plate. This spot was also found in the urine of patients abusing cocaine, but not in normal urine or in urine that had been freshly 'spiked' with cocaine. Figure 1 shows the appearances on the methanol/ ammonia plate. Numbering the samples from the left-hand side of the figure, sample 1 shows the two spots produced by chromatographing urine 'spiked' with cocaine and hydrolysed according to the method of Valenju et a/. 9 the spot with the higher Rf being cocaine. Samples 2 and 3 were urine samples from patients, one of whom was on methadone and had taken cocaine (sample 2) and the other of whom was on diamorphine and cocaine. With sample 2 the order of the spots is, from the solvent front, cocaine, Peak B is also characteristic of patients abusing cocaine, while peak C is methadone and peak D is a methadone metabolite. Peak A is the solvent peak. Fig. 4 Gas-liquid chromatogram of the urine of a patient on methadone, with the urine freshly 'spiked' with cocaine. No peak B is apparent. The other peaks are labelled as in Figure 3 . nicotine, methadone, and a methaddn~-etabolite.
Hsu, Sharrard, Love, and Marrs
The small spot in front of methadone is the cocaine hydrolysis product. With sample 3 the spots are, from the solvent front, cocaine, nicotine, cocaine hydrolysis product, and diamorphine. Sample 4 was the urine of a patient on methadone, to which diamorphine and cocaine had been added; since the urine had been freshly 'spiked' there is no spot corresponding to the cocaine hydrolysis product. Sample 5 was a urine sample which contained no drugs and which was included as a blank. Figure 2 shows the equivalent ethyl acetate/ methanol/ammonia plate, with the samples in the same order as in Figure 1 . In this solvent system both with cocaine and hydrolysed at pH 8 for 24 hours at room temperature according to the method described by Valenju et al." Both the cocaine peak and peak B, that of the hydrolysis product, are visible. The labelling of the peaks is the same as in Figure 3 .
cocaine and the cocaine hydrolysis product run closer to the solvent front. Sample 1 is the 'spiked', hydrolysed urine sample, while sample 2 is from the patient on methadone who had been abusing cocaine, the order of the spots being cocaine/methadone, nicotine, and the cocaine hydrolysis product, cocaine and methadone running together. Sample 3 was from a patient on diamorphine and cocaine. The order of the spots from the solvent front is cocaine, nicotine, cocaine hydrolysis, and diamorphine. Sample 4 was the urine of a patient on methadone, the specimen having been freshly 'spiked' with diamorphine and cocaine. The spots are, from the solvent front, methadone/cocaine, nicotine, and diamorphine. The cocaine spot could be clearly distinguished in urine 'spiked' with cocaine to give a concentration of 250 fLg/l. Figure 3 shows a typical gas-liquid chromatogram of the urine of a patient abusing cocaine, the retention time being 10· 1 ±O· 1 (n = 10) minutes. Figure 4 shows a gas-liquid chromatogram of the urine of a patient on methadone, freshly 'spiked' with cocaine; a peak corresponding to peak B in Fig. 3 is not found, but this peak can be produced in 'spiked' samples if they are treated under the conditions described by Valenju et a/. 9 to produce benzoyl ecgonine ( Fig. 5 ). Figure 4 also shows that the cocaine peak is clearly separated from the methadone peak, which is particularly important because many patients suspected of abusing cocaine have been prescribed methadone. The cocaine peak could be measured in urine 'spiked' with cocaine to a concentration of 10 fLg/l.
GAS-LIQUID CHROMATOGRAPHY
Discussion
Several extracting systems were tried; of these, only chloroform/methanol 9 : 1 approached chloroform/ isopropanol in efficiency. The pH of extraction was found to be important since below pH 9· 0 extraction was much less efficient. Another factor of great importance is that urine specimens must be stored at 4°. We have found that the cocaine in urine 'spiked' with that drug is completely destroyed if left for 36 hours at room temperature.
While the thin-layer chromatography part of our method detects primarily cocaine, and a large but variable part of it is excreted as benzoyl ecgonine," we have been able to show a considerable number of positive cocaine samples, and these have been confirmed by EMIT. 8 Furthermore, no false positives have been found. Previously described gas-liquid chromatography methods for use in cocaine abuse have been laborious using preliminary thin-layer chromatography for sample preparation! and derivatisation," 4 but the rapidity of our method together with the fact that both thin-layer chromatography and gas-liquid chromatography can be performed on the same extracts means that it is possible to screen large numbers of samples by thin-layer chromatography with confirmation of the positives only by gas-liquid chromatography. When the method is used in this fashion the overall sensitivity is determined by the sensitivity of thinlayer chromatographic procedure.
